INTRODUCTION
Based on extensive experimental studies in the tropical intertidal zone in Panama (Menge & Lubchenco 1981 , Levings & Gamty 1984 , Lubchenco et al. 1984 , Menge et al. 1985 , 1986a , Menge et al. (1986a) concluded that tropical intertidal communities are structured by the same ecological processes that operate in temperate regions (i.e. predation, competition for space and physical disturbance), although their relative importance varies. Dominance of encrusting algae was primarily ascribed to intense herbivory (Menge & Lubchenco 1981 , Menge et al. 1986a , possibly in combination with physical stress (Levings & Garrity 1984 , Lubchenco et al. 1984 .
This paper describes a tropical intertidal zone at Curaqao, Netherlands AnWles, where physical stress, rather than grazing, causes dominance of encrusting algae. Here, the brown crustose alga Lobophora variegata (Lamouroux) Womersley forms a distinctive belt in the surf-notch, just above the mean sea level (van den Hoek 1969, van Hoek et al. 1978) . The factors structuring these intertidal L. variegata populations were investigated. Seascza! Cuckiatioiis in covelwere monitored in reiation to seasonal changes in tide levels and experiments were carried out to investigate the possible effect of grazers. Finally, damage to the L. variegata population, caused by a storm, provided an opportunity to study recovery and to follow some competitive interactions between L. variegata and upright algae, following this natural disturbance.
MATERIAL AND METHODS

Location and environmental parameters. Intertidal
Lobophora variegata populations were studied at Boca St. Michiel (Fig. l ) , a moderately exposed location on the leeward southwest coast of Curacao, Netherlands Antilles (cf. van den Hoek 1969 , van den Hoek et al. 1975 for general information on the area). The study site was situated on a vertical limestone cMf wall with a well-developed surf-notch (van den Hoek 1969 , Focke 1978 , where L. variegata formed a ca 15 cm wide belt just above mean sea level (Fig. 2) . It also occurred in scattered patches on the permanently submerged parts of the cliff wall down to the sandy subtidal plateau at ca 0.8 m depth. Mean tidal range at Curaqao is very small, the daily mean being only 29.7 cm -t 10.7 (SD), and the tides exhibit a periodic change from diurnal to semidiurnal (de Haan & Zaneveld 1959) . Superimposed on daily oscillations is a yearly oscillation of ca 15 cm with lowest tides occurring between January and March, and highest tides between September and November. In addition, significant year-to-year variations in mean tide level may occur (de Haan & Zaneveld 1959 At Curacao, the trade wind blows for more than 95 % of the time from a n easterly direction (90") with an average speed of 7.1 m S-' (de Palm 1985) . However, from 2 to 9 November 1984, a quasi-stationary low pressure area over the eastern Caribbean was responsible for westerly surface winds at Curaqao (mean direction 270"; mean speed 5.1 m S-'). This 'storm' generated unusually rough seas which caused considerable damage to the normally protected southwest coast. Less severe (2.5 m S-') westerly winds, between 30 October and 5 November 1985, again caused some damage by generating a southwesterly swell.
Observations and experiments. Experiments were carried out at 3 sites differing slightly in height, exposure and topography. At each site permanent quadrats were established in the ca 15 cm wide belt in which Lobophora variegata was the dominant alga. The sltes were established at 'low' levels, ca + 10 cm CP (Fig. 3) .
Site 3 was slightly more sh.eltered than Sites 1 and 2.
The perma.nent quadrats measured 5 x 5 cm, and were marked with steel nails at their corners. The position of the quadrats with respect to tidal height was measured using ruler and levelling instrument, and converted to 'Cura~aos Peil', using the tide gauge data. The position of various components inside the quadrats was determined using a grid with 64 (6 X 6 mm) squares. Each square, in turn, was visually divided into 4 (3x3 mm) sub-squares. Each time the quadrats were monitored (once every 2 to 4 wk), the component most abundant in each sub-square was recorded, and thus the percentage cover for each component was determined.
Seasonal fluctuations in cover were recorded over 1 yr in quadrats located at 3 different heights ( Table 1) . Recovery from storm damage in partially or completely denuded patches in the Lobophora variegata vegetation was studied (Table l ) , and interactions with upright algae (e.g. Laurencia papillosa [Forsskbl] Grev.) were documented (Table 1 ). The effect of grazers on the L. variegata population was studied at 2 different levels (Table 1) . Some quadrats were enclosed in a cage (mesh size 6 X 6 mmj, some were covered with a roof but had 2 open sides allowing grazers to enter, and others were left undisturbed ( Table 1) .
Sunrival of Lobophora variegata below its lower distribution limit in the intertidal zone was investigated by transplanting L. variegata to the shallow subtidal plateau at ca 1 m depth. Substrata with attached L. variegata crusts were removed from the intertidal zone and mounted on metal grids using plastic-covered wire. To test for the effect of grazing by fishes and sea urchings, 10 substrata were placed inside cages (mesh size 12 X 12 mm) and 25 were left unprotected. Cover of L. vanegata was estimated visually when the grids were put into place at sunset, over the next 2 d at sunrise and sunset, and again after 3 mo.
-
RESULTS
I O I N~D 1984
Seasonal fluctuations in cover of Lobophora variegata at 3 different shore levels are illustrated in Fig. 4 .
Initial cover in all stets of quadrats was comparable (89 to 96 %) and the November 1984 storm had a similar J~F~M~A~M~J~J~A~S~O~N~ 1985 rate of L. variegata in the 7 quadrats was 0.33 cm2 d-' + 0.14 (SD). This rapid recovery by L. variegata was probably facilitated by the relatively high tidal levels (Fig. 3) during this period.
From December 1984 until September 1985 Lobophora variegata cover in the lowest quadrats was fairly constant (Fig. 4C) . In contrast, in the higher quadrats (Fig. 4A, B) , L. variegata showed a distinct seasonal trend, with cover decreasing after February to reach a minimum between May and July/August. This pattern closely followed seasonal fluctuations in tidal levels (Fig. 3) . Some upright algae were present in the quadrats, but only in the lower ones. For instance, epiphytic plants of other important components were crustose corallines, which occupied virtually all substratum unoccupied by L. variegata (Fig. 4 ) .
In the quadrats which had been completely denuded of Lobophora variegata by the November 1984 storm (Fig. 5 ), the green alga Bryopsis hypnoides Lamouroux was the first colonizer, but this species had disappeared in the next month, when virtually all space was occupied by crustose corallines. From the highest quadrat downward, the rate of recovery of L. variegata decreased (Fig. 5 ) , reflecting the decrease in stormsurviving remnants of the L. vanegata crusts in the areas surrounding the quadrats, and demonstrating the importance of colonization by vegetative growth as opposed to recruitment of juvenile plants. The effect of seasonal changes in tidal levels was again most pronounced in the higher quadrats ( Fig. 5A, B ). In the highest quadrat no upright algal species CO-occurred with L. van'egata, but in the lowest quadrat upright algae, especially Dictyoptens delicatula, were sometimes abundant. Fluctuations in cover of upright algae were generally correlated with seasonal fluctuations in tidal level, but the decrease between September and November 1985 may have been caused by rough seas during the first week of November 1985. Again, crustose corallines occupied virtually all space not covered by L. vanegata or upright algae (Fig. 5) .
Competition with another upright alga was observed in quadrats where, before the storm, Laurencia papillosa had been a CO-dominant of Lobophora variegaia. Both species, diminisheci by the siornl ill November 1984 (Fig. 6 ) , increased in cover to reach maximum values in January (L. papillosa) and March (L. variegata), during which period they were observed to overgrow each other alternately. Extremely low water in March/April 1985 reduced L. papillosa cover Echinometra lacunter (Linnaeus) to almost zero. L. vanegata withstood these severe conditions better and, after July, recovered, paralleling increasing tidal levels. Crustose corallines occupied all space not covered by the other 2 species (not shown in Fig. 6 ) .
Several potential grazers were observed in the intertidal zone at Boca St. Michiel (Table 2) . However, cage experiments demonstrated that grazing does not affect abundance patterns of Lobophora variegata (Fig. 7) . Minimal fluctuations in cover were observed at the lower level, both in caged and non-caged quadrats (Fig. ?D, E, F) . However, larger fluctuations, paralleling seasonal fluctuations in tide levels, were observed in the higher quadrats. Again, the caged and non-caged quadrats behaved similarly ( Fig. ?A, B, C) . The decrease in L. variegata cover observed between Sep-ier~~ber dnd Nvvernber is85 in the iowest quaarats may have resulted from rough seas in November 1985 as the lower quadrats (cf. Fig. 5 ) probably suffered more from the effect of this storm (e.g. through sand scouring) than did the higher ones. Again, abundance of upright algae was highest in the lower quadrats, but they were also present at the higher level within cages, indicating that these plants were affected by herbivory. However, there were no indications that L. vanegata was overgrown, or otherwise outcompeted by upright algae, when grazers were excluded. Crustose corallines were the only other important occupants of space, covering virtually all substratum not covered by L. vanegata, and the abundance of these algae was negatively correlated with that of L. vanegata.
Survival potential of Lobophora variegata below its lower distribution limit in the intertidal zone and the possible effect of grazing is illustrated in Fig. 8 . No decrease in L. variegata cover was observed inside the cage during the first 2 d. Unprotected L. variegata showed some losses during the first day, which points to grazers that are active during daytime. However, after 3 mo, there was no longer any difference between grazed and protected substrata, with ca 60 % of the initial cover still being present. This demostrates that In the tropical intertidal zone at Boca St. Michel, Curaqao, factors other than grazing are responsible for the development of a crustose algal community. This contrasts with findings in Panama, where dominance of encrusting algae was primarily ascribed to intense herbivory (Menge & Lubchenco 1981 , Menge et al. 1986a .
The present study demonstrates that, at Curaqao, the abundance of the crustose brown alga Lobophora variegata did not change when protected from grazers. Moreover, the crusts &d not develop into blade-like thalli, nor were they overgrown by upright algae. It is likely then that harsh physical conditions, related with desiccation, limit development of upright algae. In general, upright algae were observed only in our lower quadrats. However, their cover was always low and showed seasonal fluctuations paralleling those observed for L. variegata in the highest quadrats, i.e. cover was correlated with seasonal changes in tide levels. These algae are probably more sensitive to physical stress associated with desiccation and, thus, may be incapable of successfully outcompeting L. variegata crusts. In fact, mortality of upnght algae in the I intertidal zone was repeatedly observed after a period The studied tropical intertidal community at Curacao clearly differs from that on the Pacific coast of Panama (Menge & Lubchenco 1981 , Levings & Garrity 1984 , Lubchenco et al. 1984 , Menge e t al. 1986a . At the latter coast, with a tidal range of 6 m instead of 0.3 m, and the substratum consisting of basalt instead of limestone, both physical and biological factors are clearly different from those at Curacao. In Panama, fish grazing seems to be important, whereas fish are virtually absent from the intertidal zone at Curaqao. Moreover, basalt dries more rapidly than limestone which, even in temperate areas, may greatly affect algal growth and upper zonal limits (den Hartog 1959 Hartog , 1972 . In spite of these differences, both communities were dominated by crustose algae and lacked abundant upright algae. Dominance of cmstose algae is generally attributed to intense herbivory (Lubchenco & Cubit 1980 , Slocum 1980 , Dethier 1981 , Menge & Lubchenco 1981 , Bertness et al. 1983 , Littler et al. 1983a , b, Menge et al. 1986a , by which grazers are thought to remove epiphytic algae, thus favouring the development of grazer-resistant algal crusts. However, Padilla (1985) demonstrated low resistance to limpet grazing for a calcified crustose alga and concluded that thallus form alone is a poor predictor of structural resistance to molluscan feeding. In addition, Norton et al. (1982) and httler & Littler (1983) have suggested that crusts are less susceptible to physical stress (desiccahon, waveshearing) than are erect thalli, and Underwood (1980 Underwood ( , 1985 , Gaines & Lubchenco (1982) , Levings & Garrity (1984) and Lubchenco et al. (1984) attributed the development of a crustose algal community to a combination of herbivory and physical stress.
At Curacao, Lobophora variegata was present all year round in a narrow intertidal belt (ca 15 cm). As the mean tidal range at Curacao is only about 30 cm (de Haan & Zaneveld 1959) wave force has been considered to b e the main cause of species zonation (van Loenhoud & van d e Sande 1977). Yet, the present study demonstrates that a n even smaller seasonal oscillation in water level of ca 15 cm is responsible for distinct seasonal variations in L. variegata cover near its upper limit of distribution. In contrast, at lower levels, L. variegata cover remained more constant, but increasing abundance of upright algae suggests that competition may become more important. L. variegata is absent from the shallow sublittoral plateau, possibly because of high sediment cover or increased competition with upright algae. Grazers do not seem to be responsible, probably because strong surge limits effective grazing by herbivorous fishes so close to the shore, as susceptibility of intertidal L. variegata plants to grazing has been observed at greater depths (12 and 30 m: d e Ruyter van Steveninck et al. unpubl.) .
In the tropical intertidal zone at C u r a~a o , physical stress is clearly the main factor responsible for the dominance of a crustose algal community. Thus, it seems that the factors structuring tropical intertidal communities may vary from one coast to another, depending on environmental parameters, and that grazing is not always the main force responsible for the dominance of encrusting algae.
